We present the goals, strategy and first results of the OmegaWhite survey: a widefield high-cadence g-band synoptic survey which aims to unveil the Galactic population of short-period variable stars (with periods < 80 min), including ultracompact binary star systems and stellar pulsators. The ultimate goal of OmegaWhite is to cover 400 square degrees along the Galactic Plane reaching a depth of g = 21.5 mag (10σ), using OmegaCam on the VLT Survey Telescope (VST). The fields are selected to overlap with surveys such as the Galactic Bulge Survey (GBS) and the VST Photometric Hα Survey of the Southern Galactic Plane (VPHAS+) for multi-band colour information. Each field is observed using 38 exposures of 39 s each, with a median cadence of ∼2.7 min for a total duration of two hours. Within an initial 26 square degrees, we have extracted the light curves of 1.6 million stars, and have identified 613 variable candidates which satisfy our selection criteria. Furthermore, we present the light curves and statistical properties of 20 sources which have the highest-likelihood of being variable stars. One of these candidates exhibits the colours and light curve properties typically associated with ultracompact AM CVn binaries, although its spectrum exhibits weak Balmer absorption lines and is thus not likely to be such a binary system. We also present follow-up spectroscopy of five other variable candidates, which identifies them as likely low-amplitude δ Sct pulsating stars.
INTRODUCTION
Time domain astrophysics has been transformed over the last decade. Whereas in the past, photometric data of individual objects were painstakingly obtained using high speed photometry or dedicated long term projects, now a whole series of synoptic projects have been developed to observe large areas of sky over short time-scales giving photometric data on thousands or millions of objects. The diversity of goals of these projects is considerable, ranging from detecting transiting exo-planets (e.g. the main aim of the 'Super-WASP' project, Pollacco et al. 2006 ) to discovering superEmail: S.Macfarlane@astro.ru.nl nova outbursts (e.g. supernova discoveries in the Palomar Transient Factory (PTF), Law et al. 2009 ).
In the field of Galactic binary research, one key goal has been to discover individual systems with astrophysically interesting properties. Of particular interest are ultracompact binaries (UCBs) which have an orbital period (P orb ) of 70 min, implying that the secondary star cannot be a mainsequence star (Rappaport et al. 1982) . Furthermore, these hydrogen-deficient objects are predicted to be the strongest known sources of gravitational wave radiation (GWR) in the passband of the satellite observatory eLISA (Amaro-Seoane et al. 2013; Roelofs et al. 2007) , and as such are important calibrators that provide verification of the existence and detectability of GWR. Moreover, the evolution of these binary (Groot et al. 2003) , Deep Lens Survey e (Becker et al. 2004) , f (Borucki et al. 2010) , g Wide Angle Search for Planets (Pollacco et al. 2006) systems is influenced by the emission of GWR in addition to the mass transfer phase. Therefore, the study of UCBs will also help to answer key questions of late-stage binary evolution. Earlier estimates of their intrinsic numbers suggested a relatively high foreground contribution from UCBs to the gravitational wave signal from merging supermassive black holes within the eLISA band. However, in a series of papers using SDSS and PTF data (Roelofs et al. 2009; Rau et al. 2010; Carter et al. 2013; Levitan et al. 2015) , it is now clear that the predicted number density of AM CVn binaries (semi-detached and mass transferring UCBs) in the Solar neighbourhood is 5 ± 3 × 10 −7 pc −3 , a factor 50 lower than previous estimates by Nelemans et al. (2001) . Other surveys which have recently had success in discovering new AM CVn systems include the Catalina Real-Time Transient Survey (CRTS Drake et al. 2009) , and the All Sky Automated Survey for Supernovae (ASAS-SN, e.g. Wagner et al. 2014) .
The emission line method for finding AM CVn systems, on which the SDSS work is based, is most sensitive to systems with P orb 30 min. More recently, the PTF survey has been identifying outbursting AM CVns which have orbital periods shorter than this, but still greater than 22 min (Levitan et al. 2015) . From the total number of 43 known AM CVns, only 6 have periods shorter than 20 minutes. It is those systems with the shortest orbital period (5 min < P orb < 20 min) which are predicted to be the strongest emitters of gravitational waves. Determining their population size is important for both the development of eLISA and for deducing the relative importance of the three postulated formation channels of these binaries (for a detailed review, see Solheim 2010) . A way to identify those AM CVn stars with the shortest orbital periods is through their photometric behaviour as they show a periodic modulation on, or close to, the orbital period (e.g. the first PTF AM CVn discovered, Levitan et al. 2011) . Variations are expected due to eclipses, ellipsoidal variations, irradiation, superhumps, or anisotropic disc hotspot emission in the system. The detection of these especially short-period systems is the main motivation behind the OmegaWhite survey.
However, short time-scale photometric variations can also originate from physical changes within the internal structure or atmosphere of the source. Examples of such sources include flare stars or fast pulsating stars such as δ Scuti stars (δ Sct, Breger 2000) or SX Phoenicis variables (e.g. Rodríguez & López-González 2000) . At even shorter periods, rapidly oscillating Ap or Am star systems (roAp, roAm), and pulsating white dwarfs (ZZ Ceti variables) exhibit periodic variations on amplitudes ranging from a percent or less up to several tens of percent on timescales of a few to tens of minutes.
δ Sct stars have A-F spectral types and are known to have short pulsation periods (typically 0.02 -0.25 days, Chang et al. 2013) , with absolute magnitudes 3 -5 mag fainter than Cepheids. However, they are believed to be the second most common variable stars in the Galaxy (Breger 1979) , and their short period makes them relatively easy to detect in high-cadence surveys (e.g. Ramsay & Hakala 2005 ). δ Sct stars can be used as precise distance tracers if the fundamental radial pulsation mode can be identified (e.g. Petersen & Christensen-Dalsgaard 1999; McNamara et al. 2007 ). For high-amplitude δ Sct stars (HADS), where the pulsation amplitude is greater than 0.3 mag, it is expected that the dominant period will be due to the fundamental or first-overtone radial mode. The shortest period δ Sct stars in the Galactic field have a dominant pulsation period of ∼26 min (Kim et al. 2010) .
One survey that set out to discover short-period systems was the Rapid Temporal Survey (RATS, Ramsay & Hakala 2005; Barclay et al. 2011) . RATS was carried out using the 2.5-m Isaac Newton Telescope (INT) on La Palma and the 2.2-m Max Planck Gesellschaft telescope (MPG/ESO) between [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] , and covered a total of 46 square degrees favouring fields near the Galactic plane. The fact that no AM CVn was discovered was (in retrospect) not a surprise since the latest space densities imply that only a few systems (at best) are expected in a survey covering this area. However, the survey did discover many new and interesting short-period variables, including a possible hybrid sdBV pulsator exhibiting long-period g-modes (Ramsay et al. 2006 ) and a dwarf nova discovered through its high-amplitude quasi-periodic oscillations (QPOs) in quiescence (Ramsay et al. 2009 ).
The OmegaWhite Survey, which is now being conducted using OmegaCam on the VST, has a similar observing strategy to RATS (See Table 1 for a comparison of similar stellar wide-field surveys). However, OmegaWhite aims to cover a much wider area (400 square degrees) at lower average Galactic latitudes (|b| < 5 degrees). In this paper we present: the OmegaWhite observing strategy, the reduction pipeline, our method for identifying objects of interest, an outline of those variables identified in ESO semester 88 (Dec. 2011 - • -32
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Apr. 2012), and a discussion of the science goals which can be investigated using these data.
OBSERVATIONS
OmegaWhite observations are taken in g-band using the wide-field instrument OmegaCAM (Kuijken 2011) on the VLT Survey Telescope (VST, Capaccioli & Schipani 2011) . The VST is a 2.65-m wide-field survey telescope situated at the ESO Paranal Observatory in Northern Chile. The sole instrument on the telescope, OmegaCAM is a 16k × 16k imaging camera, covering one square degree with 32 CCDs (each 2k × 4k) at a plate scale of 0.216 arcsec/pixel.
The OmegaWhite survey targets 400 square degrees along the Galactic plane (|b| < 5 degrees) and Galactic bulge (|l|,|b| < 10 degrees), of which 148 fields (equivalent to 148 square degrees) have been observed during ESO semesters 88 to 94 (see Table 2 for semester details, and Figure 1 for pointing locations). OmegaWhite fields were chosen to overlap with the VST Photometric Hα Survey of the Southern Galactic Plane (VPHAS+, Drew et al. 2014 ) and the Galactic Bulge Survey (GBS, Jonker et al. 2011) pointings in order to obtain broad-band colours and photometric zeropoints, whilst avoiding bright stars (V < 5 mag).
Observing Strategy
The OmegaWhite observing strategy has been primarily designed to detect binary stars with orbital periods in the 5 to 60 minute range, whilst optimising the compromise between sky coverage and cadence. Two neighbouring one square degree fields are alternatingly observed in 39 second exposures over an observing duration of 2 hours, with an observational median cadence of ∼2.7 minutes per field. Thus 38 exposures per field are obtained. From the Faint Sky Variability Survey (FSVS Groot et al. 2003) , it was determined that ∼25 observations are necessary in order to reliably identify and accurately determine the period of short-period variables (Morales-Rueda et al. 2006) . Furthermore, this exposure time allows for observations to reach magnitude limits of g ≈ 21.5 (10σ) per exposure. Much deeper than this is, at times, not useful in the Galactic Plane with seeinglimited ground-based observations due to stellar crowding. Also, it is unlikely that we will get astrophysically useful identification/follow-up spectra for sources fainter than g ≈ 21 mag.
Every two hour observation consists of five observing blocks, each having a respective duration of 21 min, 29 min, 20 min, 21 min, and 29 min (in sequential order). The irregular durations help break any aliasing that may arise from regular scheduling. At the start of every observing block, the field is reacquired for refocusing and image analysis purposes. For our observations, the seeing is 1 with clear to thin cloud conditions at the start. However, we are required to relax these constraints for the two observing blocks starting after one hour. Specifically, the seeing is allowed to increase to 2 and thick cloud cover is accepted. Figure 2 . The logarithmic absolute deviation from P in /P LS = 1, in period (P in ) and amp/RMS space, sampled in one minute period bins (left panel), and in 0.2 minute period bins (right panel). The region above and to the right of the white solid line indicates where sources have log 10 (FAP) < −2.5, and are therefore considered variable at the 3σ level. The location of three short period (HM Cnc, ES Cet, and AM CVn) are each indicated by a star in both panels.
Simulations
A key question is whether we can detect the variability of short-period systems (such as AM CVn binaries) using our current observing strategy and statistical analysis tools. We applied the VARTOOLS suite of software (Hartman et al. 2008 , used for variability statistics, see Section 3.4) to the light curves of our OmegaWhite sources, allowing us to determine their respective output Lomb Scargle Period (PLS), as well as their false alarm probability (FAP). A light curve with log 10 (FAP) = −2.5 is likely to be variable at the 3σ confidence level, and the more negative log 10 (FAP) is, the more likely it is that the source is variable (see Section 3.4 for more details).
We simulated variable OmegaWhite light curves by applying the actual observing sequence (as outlined in Section 2.1) to basic sinusoidal waveforms with increasing input periods (Pin) in the range 1 min Pin 180 min. To model the intensity of each exposure, we integrated the sine wave over the corresponding exposure time interval, to which we then added random Gaussian noise. For the Gaussian sigma level, we used the root mean square (RMS) of the magnitude of a sample of observed light curves, calculating how the standard deviation of the mean for each non-variable light curve in the example field 'OW 88D 1a' varies as a function of the source's magnitude. We then applied VARTOOLS to the light curves, allowing us to determine PLS and the FAP value for each Pin. Since the probability of finding our target systems depends on both the variability amplitude of the light curve (amp) and the RMS (which determines the noise level), we ran our simulations for a range of RMS to amp ratios (amp/RMS, where 0.01 < amp/RMS < 20.00).
In Figure 2 , we show the logarithmic absolute deviation from Pin/PLS = 1 for each simulated light curve in amp/RMS and log 10 (FAP) space. The right panel focuses on the initial 20 minutes of the period range shown in the left panel, and is sampled at a higher rate (in 0.2 minute intervals, as opposed to the 1 minute intervals in the left Roelofs et al. (2006) panel). In both panels, we overlay a cutoff line to indicate the regions where OmegaWhite sources are variable at the 3σ level, with log 10 (FAP) < −2.5 (upper right region). Therefore, using our observing strategy, we can expect to detect variable sources if they have properties which have amp/RMS 1.3 and Pin 5.8 min. Variable sources with Pin 1.6 min should be detected provided they have amp/RMS 2.5. Additionally, we found that the absolute deviation from Pin/PLS = 1 increases for Pin 5.8 min and for Pin 140 min. Thus PLS will overestimate Pin for sources with Pin 5.8 min, and PLS will overestimate Pin for sources with Pin 140 min.
We applied our observing strategy and VARTOOLS to simulated light curves of three known short-period AM CVn systems (HM Cnc, ES Cet and, AM CVn, see Table 3 for system properties). As shown in Figure 2 , the resultant PLS and log 10 (FAP) imply that we should be able to detect all three AM CVn systems as significantly variable with log 10 (FAP) < −2.5 (although we will likely overestimate the P orb of HM Cnc).
DATA ANALYSIS
Our pipeline for cleaning the raw data from instrumental effects, extracting the light curves and identifying variable stars is a modified version of that used by the RATS (Barclay et al. 2011 ) and RATS-Kepler (Ramsay et al. 2014 ) surveys.
Here we give an overview of our procedure.
Image reduction and astrometric calibration
Median bias frames were created for each night, and a median g-band flat field, made using twilight fields, was created for every month for which science images were available (because flat field data were not acquired for every night). The raw science images were then cleaned using standard procedures through bias subtraction and flat field division. We notice the 'negative cross-talk' effect on frames from some chips -mostly on Chip #96 (Kuijken 2011; Drew et al. 2014) . Until early 2014, the VST has suffered various technical problems which caused the appearance of scattered light on many images. These issues were only resolved once baffles had been fit to the telescope (see Drew et al. 2014 for more details). On semester 88 data, we also found that the autoguiding did not achieve sufficient precision to ensure that stars were kept fixed on the same set of pixels over the course of observations. This problem, combined with the potentially variable sky background, would degrade the resulting photometry. Therefore, we expect that the photometry derived from semester 94 and onwards (see Table 2 ) would be significantly improved compared to the results from earlier semesters.
World coordinates were embedded using Astrometry.net software (Lang et al. 2010 ). This approach matches the sky position of stars in an image with a set of reference 'index' files created using data from the Two Micron All Sky Survey (2MASS, Jarrett et al. 2000) , which are split according to the field's position in the sky and the known angular scale of the image. Initially, we used the software default index files. However, in crowded stellar fields (as we can find in our data), the astrometric solution led to discrepancies of several arcseconds between the fitted and known positions of 2MASS, or the software failed to find a solution for images of some chips. We sought to solve this problem by setting a brighter magnitude limit on the 2MASS reference stars, as brighter objects are less affected by crowding with faint sources. To implement this solution, we created our customised index files using stars within the field of OmegaCam, as well as 2MASS data (the default angular extent of the 2MASS index files is much greater than the field of view of OmegaWhite). Additionally, we filtered the 2MASS data to include only stars whose J-mag photometry has a signal-to-noise ratio greater than five, giving a limit of J ∼ 16.5 mag (whereas the default files tend to go deeper). Our approach led to improved astrometric solutions for all chips with a typical residual of σ ∼ 0.1 in right ascension (RA) and declination (DEC) when compared to the 2MASS positions. Nevertheless, for a small number of fields which are particularly crowded, the residuals can be an order of magnitude greater.
Light curve creation
Since many of our fields are expected to be crowded, we used the difference imaging analysis technique to measure stellar fluxes, as implemented in the Difference Image Analysis Package diapl2 (Wozniak 2000), which is an adaptation of the original algorithm outlined in Alard & Lupton (1998 from each science frame, after this reference image is degraded with a convolution kernel (a matrix used to smooth the seeing of the reference image) to match the seeing of each individual image. There are known to be mild variations in the Point Spread Function (PSF) of stars across the detector (Kuijken 2011) . To account for this potential variation, we split each image into halves before applying the difference imaging algorithm (splitting the images into smaller units, such as eighths, causes the pipeline to fail in finding suitable stars to create a model PSF in the case of some subframes). An example of a reference subframe and the corresponding difference subframe obtained as the result of subtraction are illustrated in Figure 3 (Field OW 88D 15a, Chip #65).
Afterwards, the flux of 'residuals' on the subtracted images is measured through aperture photometry. These residuals are then added to the flux previously measured on the reference image. Thus, we obtain one photometric point for each star per image. Light curves which had less than ten photometric points were filtered out at this stage. Ultimately, the mean values of the measured instrumental magnitudes are calibrated using the AAVSO Photometric All-Sky Survey catalogue (APASS, Henden et al. 2009 ) for reference. Thus, all magnitude values listed in this paper are expressed using the Vega system. The light curves were then corrected for systematic effects in the data using the SYSREM algorithm (Tamuz et al. 2005) , which assumes that systematic trends affect measurements in a manner analogous to the effects of atmospheric extinction (dependent on the colour of each star and airmass of each image). The algorithm minimises the global expression: 
where rij is the residual value of magnitude for each data point, ci is the colour term for each star i, aj is the airmass for each image j and σij is the error. Basically, SYSREM subtracts the product ciaj from the magnitude of each data point (see Tamuz et al. 2005; Barclay et al. 2011, for details) . In Figure 4 , we show non-detrended (left panels) and detrended (right panels) light curves for three non-variable stars, selected from the same field, OW 88D 13a. Their magnitudes are g ∼ 15.3 mag, g ∼ 17.0 mag, and g ∼ 18.8 mag.
As shown in Figure 4 , SYSREM is able to successfully remove large-scale trends (appearing as tilts in the light curve). These trends are typically the result of atmospheric extinction effects, and are therefore wavelength-dependent.
To assess the quality of our photometric measurements, we study the distribution of the standard deviation from the mean of measured g-band magnitude, for each light curve on a field-by-field and chip-by-chip base. In Figure 5 we show examples of such plots for two fields, namely, OW 88D 1a and OW 88D 14b. The RMS plots for almost all of the fields from semester 88 look similar, as expected. However, excep- tions are noticed in the case of two particular fields, namely OW 88D 6a and OW 88D 6b, which both show a higher RMS scattering over the entire distribution which we attribute to poor observing conditions (variable seeing and thick clouds were present during the observation run).
Flagging method for poor photometry detections
In order to investigate the number of bona fide variable stars, some of the automatically selected sources were manually checked through visual inspection of their light curves, their Discrete Fourier Transform (DFT) power spectra and the corresponding CCD images. As a result of this verification stage, we found that the light curves of many of our detections are affected by poor photometry. In most cases they were wrongly identified as variable stars since they were either within a few arcseconds of very bright objects, or situated in the diffraction spikes of saturated stars. We therefore modified our pipeline to identify three types of possible poor photometry objects. Firstly, we flagged stars located within 30 pixels to the edge of images, or close to bad columns of pixels. Secondly, we flagged very faint stars with low signalto-noise ratio (g > 21.5 mag) and very bright stars which could be saturated (g < 13.5 mag). Finally, stars with a high background sky were flagged, including the faint sources on diffraction spikes of bright stars. The flagging threshold was set to a value of 1.5σ above the sky background median for the entire image.
In Table 4 , we note the total number of stars in Field 1a and the number of stars which were flagged for one or more of the three reasons. For example, a very faint star with magnitude g > 21.5 mag and which is close to diffraction spikes would have been flagged twice. In total, 11.9 per cent of the stars in Field 1a were flagged.
Variability
We applied a variety of statistical tests to the light curves using the VARTOOLS Light Curve Analysis Program. As outlined by Graham et al. (2013) and Ramsay et al. (2014) (Stetson 1996) , which was designed to find Cepheid variables, is optimally suited to detect high amplitude variables (e.g. contact binaries, flares and long period pulsators).
Since our main goal is to identify short-period (P orb < 60 min) variable stars, we use the LS periodogram as our main tool. The mean cadence of our observations is 3.2 min, while the median cadence is 2.7 min. Therefore, we chose to set our short period limit to 6.0 min (which corresponds to the Nyquist frequency, also see Figure 2) , and set the long period limit to 2.2 hrs (corresponding to the duration of the observations).
For each light curve we identify the period and the false alarm probability (FAP) corresponding to the most statistically significant peak in the power spectrum. FAP is a statistic which describes the probability that the highest peak is caused by random noise. In Figures 6a and 6b we show the distribution of all measured stars in period -log 10 (FAP) space, where the period represents the highest peak in the power spectrum of individual light curves. The more negative the value of log 10 (FAP), the higher the probability that the light curve shows real variability on that time-scale. In theory, a star having log 10 (FAP) = −2.5 has a probability of being a variable object at the 3σ confidence level. The vast majority of sources are located in the upper part of figure, meaning that (as expected) most stars are not detected as variable using our methods. Only 0.51 per cent of the 1.6×10
6 sources from semester 88 have log 10 (FAP) < −2.5, i.e. are detected as variable within the 3σ confidence interval.
However, in the case of real data, the threshold for variability can be more negative than the theoretical value log 10 (FAP) = −2.5, because of systematic effects such as red noise. This can be seen in Figure 6 , where there is a greater spread in log 10 (FAP) values towards longer periods. This indicates the presence of red noise, which affects the stars with possible variability on longer time-scale. Thus, we use the median absolute deviation from the median (MAD), a more robust statistic to detect the variable candidates which are outliers (in the very long tail of the distribution).
We apply the same procedure and codes explained in detail by Barclay et al. (2011) and Ramsay et al. (2014) . We sort the data according to period and group them in bins of 2 minutes. For all stars in each bin, we then compute the median of log 10 (FAP) values (medianLogF AP ), and the median absolute deviation from medianLogF AP (MADLogF AP ), and select as variable candidates the stars which obey the condition:
where n is an integer which defines how far a source is from the local median (medianLogF AP ). Since there is no preestablished recipe, the stars are selected by experimenting with different values of n. An example of this experiment is shown in Figure 6a . We overlay the automatically detected variable stars from Field 1a, on top of all stars measured in semester 88. The number of stars selected for each value of n are listed in the legend. As the same stars that were selected for high values of n are also included in the lower n value sets, for clarity in Figure 6a we plot each star only once. We notice that the value of n and the number of selected stars are inversely proportional. This proves that the lower the value of n, the higher the probability that the selected stars are poor photometry detections because their light curves show variations caused by systematic effects. We show our sample of variable candidates automatically selected using MAD statistic of LS false alarm probability in Table 5 . The total number of automatically selected candidates for a set of values of n are shown in the last column, 'Total'. Furthermore, we group the stars in intervals of periods associated with the three AM CVn states (based on disc and outbursting properties). We have chosen the set of variable stars detected for n = 15 in the next steps of data analysis.
Colour Analysis
The VPHAS+ survey (Drew et al. 2014 ) obtains photometric measurements in u-, g-, r-, i-and Hα-bands along the southern Galactic plane. Using these multi-band colours, we can identify specific types of variable stars which lie within certain regions of colour-colour space. As an example, AM CVn systems are known to be very blue sources and thus occupy a distinctive region of the u − g vs g − r colour plane (Carter et al. 2013) . We have additionally crossmatched our data with other multi-colour survey catalogues such as the Two Micron All Sky Survey (2MASS, Jarrett et al. 2000) and the AAVSO Photometric All-Sky Survey (APASS, Henden et al. 2009 ). However, these surveys do not reach the depths of OmegaWhite, and thus some of our fainter sources currently lack colour information from these surveys.
Although we found that 98 per cent of the stars in Field 1a match stars in four VPHAS+ fields, some of our fields lack colour information because they have not yet been fully covered by the VPHAS+ survey. Out of the 26 deg 2 of data observed in semester 88, 7 deg 2 (i.e. 26.9 per cent of our fields, namely Fields 4b, 5a, 5b, 8a, 8b, 9a, 9b) lack colour data. Thus, in the case of our sample of 613 variable candidates selected for n = 15 (see Section 3.4), we found information in all three u, g, r bands for 362 stars (59.1 per cent). We show their distribution in colour -colour space in Figure 7 , and list their properties in Table A2 .
INITIAL SURVEY RESULTS
We have extracted the light curves of 1.6×10
6 stars from the initial 26 square degrees of the OmegaWhite Survey (semester 88 data). Of these stars, 2.0×10 5 (12.5 per cent) were flagged in the manner described in Section 3.3. Variable candidates were selected from the 1.4 ×10 6 unflagged stars remaining (87.5 per cent), using the automatic method described in Section 3.4. We thus identified a subset of 613 sources that were significantly variable (with log 10 (FAP) < −2.5) using n = 15 in our MAD routines, and list their properties in Table A2 . Of these, 29 sources exhibit dominant periods less than 20 minutes (4.7 per cent), 56 sources have periods between 20 minutes and 40 minutes (9.1 per cent), and 528 sources have periods greater than 40 minutes (86.2 per cent).
Furthermore, a subsample of 20 variable stars with both colour indices available has been selected as the most significant examples, after inspecting the light curves, DFT power spectra, and CCD reference images of each source. They were selected from the sample for n = 20, and from the 29 stars selected for n = 15 for periods smaller than 20 minutes. The individual light curves of these examples are displayed in Figure 8 and their properties are listed in Table 6 . Only the first star shows sinusoidal modulations on a period smaller than 20 minutes, seven have periods between 20 -40 minutes, and the rest exhibit variations on longer periods.
In Figure 7 , we show the colour indices of 1.1 ×10 6 unflagged colour-matched stars in the u − g vs g − r plane. We overlay the colours of the 362 variable candidates which show colour information and for comparison plot 14 of the known AM CVn stars identified in SDSS data (Carter et al. 2013) , as well as the four known detached double white dwarf systems with periods less than 1 hour (Kilic et al. 2011; Hermes et al. 2012; Kilic et al. 2014) . One of the 362 variables, namely OW J074106.1-294811.2 (g − r = −0.08 and u − g = −1.25) has colours consistent with those of an AM CVn star, a short-period double-detached system, or a pulsating white-dwarf/subdwarf candidate (as shown in Figure 7 and in Table 6 ). We present follow-up spectral observations of this source, and discuss its possible nature in Section 4.1.
The majority of the 613 variable candidates exhibit periodic variations, amplitudes or colours that are more consistent with pulsating sources, and are likely to be either δ Sct stars, SX Phe pulsators or pulsating white dwarfs. We have also detected longer period systems, such as contact binary candidates. An example of such a system with PLS 116 min is shown in Figure 8 .
Follow-up Spectroscopic Observations
We have so far obtained identification spectroscopy for six variable candidates (OW J080916.7-292158.0, OW J075359.8-275732.6, OW J075532.6-280854.3, OW J074513.2-261036.0, OW J074106.4-293325.5, and OW J074106.1-294811.0 ) using the 10-m Southern African Large Telescope (Buckley et al. 2006) between December 2014 and April 2015. These variables were selected for follow-up observations as they were some of our most likely UCB candidates: they exhibited relatively fast variations with low log 10 (FAP) values (see Figure 6a) , and are some . Distribution of all stars measured in semester 88 data, for which VPHAS+ colour information was available is shown in u − g vs g − r space. In the upper panel, stars are distributed in a 2D histogram with bins of 0.005 mag units. The sample of variable candidates selected for n = 15 are overlaid. Of the 613 variable candidates, only 362 have both colour indices and thus could be represented. For comparison, we plot 14 of the known AM CVn stars identified in SDSS data as circles (Carter et al. 2013) , and the four known detached double white dwarf systems with periods less than 1 hour as triangles (Kilic et al. 2011; Hermes et al. 2012; Kilic et al. 2014) . We also plot tracks for main sequence stars, DA and DB white dwarfs. For the MS track, we used the synthetic colours provided by Drew et al. (2014) OW J080154.6-281513.9
Figure 8. Example set of light curves selected from 613 variable candidates detected in semester 88 data. The six stars marked with an asterisk have been followed-up spectroscopically using the RSS spectrograph on SALT.
of the bluest sources of our 362 variable candidates. Of these targets, OW J074106.1-294811.2 is the only target to exhibit colours consistent with AM CVn systems, as shown in Figure 7 ).
Three exposures of 180 s each were obtained for five of the brighter targets (as listed in Table 7 ) using the Robert Stobie Spectrograph (RSS, Kobulnicky et al. 2003) in longslit mode, with a 1.5 slit and the PG0300 grating (providing a dispersion of 3.04Å per binned pixel and a wavelength range of ∼3200 -9000Å). For our faint blue target OW J074106.1-294811.0, we obtained a set of two exposures of 1200 s each over two nights (for a total of four 1200s exposures). Spectra were reduced using standard IRAF (Tody 1986, 1993) and PYSALT (Crawford et al. 2010 ) routines, with either an Ar arc or a Xe arc for wavelength calibration. The resulting spectral resolution was ∼4Å for the mean combined spectrum of each source.
The spectra for each of the five brighter variables appear to be similar; they all exhibit strong Balmer absorption lines with some evidence of weaker Na I and Mg I lines. In order to identify the spectral type, we measured the equivalent width (EW) ratio of the Na I doublet (5896Å, 5890Å) to Hα for each variable, and compared these values with the EW ratios measured in various spectral types from model Atlas9 data (Castelli & Kurucz 2004) . In Figure 9 , we overlay our variable EW ratios on the measured EW ratios for several spectral types (fitted by an exponential curve). Hence, we can deduce that our variables observed using SALT are most Table 6 . Parameters of the variable stars shown in Figure 8 : star ID; RA and Dec; Lomb Scargle period (P LS ) and false alarm probability (log 10 (FAP)) of the highest peak in the periodogram, OW calibrated g-band magnitude, RMS of magnitude, VPHAS+ colour indices g − r and u − g, and comments on variability type. likely to be late A-type or early F-type stars, and thus possible low-amplitude δ Sct.
Prior to acquiring SALT spectra, the target OW J074106.1-294811.0 was our most likely UCB candidate. This source is relatively faint (g = 20.02 mag ) and the light curve shows sinusoidal modulations on a period of 22.6 minutes (see Figure 10 for the light curve and Discrete Fourier transform of this target). In the right panel of Figure 10 , we show the SALT-observed spectrum of this target, along with two spectra from neighbouring stars for comparison. In the target spectra, there is weak evidence for the Balmer absorption lines Hβ and Hγ, but no Hα (either due to intrinsic weakness of the line, or (partial) infill by emission). Thus, this object is not likely to be a UCB (which would exhibit relatively strong helium emission and little to no hydrogen). Furthermore, the source is relatively blue which is consistent with the properties of a massive hot DA white dwarf. However, the absorption lines are relatively narrow, and thus it is unlikely that this is the case. The OmegaWhite g-band magnitude we observed is g ≈ 20.02 mag, while it was recorded by VPHAS+, on two separate epochs, to have g ≈ 20.00 mag and g ≈ 19.98 mag respectively. This implies that the target is not likely to Measured spectral type EW ratio curve Figure 9 . Equivalent Width ratios of Na I doublet (5896Å, 5890Å) to Hα for a range of spectral types. Measured EW ratios increase exponentially towards later spectral types (as shown by the dashed curved line). The measured EW ratio for each of the five SALT variables are shown by a line spanning all spectral types, with respective measurement uncertainties indicated by shading. Likely spectral classes for each SALT variable are listed in Table 7 . , and the SALT-observed spectrum (right panel). We plot the continuum-normalised spectra of the target (lower black spectrum) and the spectra of two neighbouring stars for comparison (two upper grey spectra). All spectra have been smoothed by a running average of 3 and an offset has been applied for visualisation purposes.
be a cataclysmic variable in outburst, where the variations may be due to strong quasi-periodic oscillations (QPOs, see Morales-Rueda & Marsh (2002) for examples of outbursting CVs). Although very rare, this does not rule out that the variations may be due to QPOs during quiescence (for e.g. RAT J1953+1859 exhibits high amplitude QPOs during quiescence (Ramsay et al. 2009) ). Since it is a very blue source, it is possibly a pulsating subdwarf, although with a relatively long pulsation period. Dedicated high speed photometry of this object should reveal if this object is indeed a pulsator.
DISCUSSION AND SUMMARY
The initial 26 square degrees of OmegaWhite data have been fully processed and the light curves of 1.6×10 6 stars have been extracted. Of these stars, 12.5 per cent were flagged as having light curves which could have been degraded by various effects, and were thus disregarded when identifying variable candidates using the verification methods described in Section 3.4. We find that 0.4 per cent of the stars in semester 88 satisfy our selection criteria: they are not flagged as poor photometry detections, their Lomb Scargle periods are between 5 min and 120 min, their log 10 (FAP) < −2.5, and they were selected using a MAD n value 15. Furthermore, we find that more than 80 per cent (the majority) of the 613 sources identified as variables through our pipeline (using n = 15) have PLS > 40 min, whereas less than 8 per cent of our variables have PLS < 20 min.
In Table 6 and Figure 8 , we show the properties of 20 relatively blue sources as examples of light curves from our 613 variable candidates. The light curves of 19 of these variables each exhibit variations on a dominant period between 22 min and 80 min. We are also able to detect relatively longer period systems, as illustrated by the contact binary candidate (shown in Figure 8) .
Using spectral identification, we determined that at least five of the short-period variable candidates are likely to be low-amplitude δ Sct type stars. The remaining 608 variable candidates, including fourteen of the example variables from Table 6, have not yet been identified with spectroscopy. Some of these variables occupy a similar region of the colour-colour space to our five δ Sct candidates (as shown in Figure 7) , and also exhibit fast modulations with periods between 17 min and 80 min. In addition to more detailed analysis of the photometry of these systems, spectroscopy is now needed to determine whether the majority are either low-amplitude δ Sct stars, SX Phe pulsators or pulsating white dwarfs.
Within the initial 26 square degrees of OmegaWhite, only one of our 613 candidate variables exhibit the very blue colours consistent with AM CVn systems (Carter et al. 2013) . However, as it exhibits Balmer absorption lines in its spectrum, it is unlikely to be an UCB. As it is a very blue source, with weak thin hydrogen lines, it is more likely to be a pulsating subdwarf star. Although we have not discovered any AM CVn within the initial 26 square degrees, this is a small fraction of our expected coverage and is thus consistent with recent AM CVn space density estimates (Carter et al. 2013) . Using these estimates, we expect less than one AM CVn within the initial 26 square degrees. In a future OmegaWhite paper that will examine ∼150 square degrees of the Galactic Plane, we plan to make detailed simulations of the expected AM CVn space densities as a function of Galactic latitude. Now that we have formalised our verification procedure and analysed the initial results, we will apply these techniques to future OmegaWhite data. So far 148 square degrees of OmegaWhite data has been observed, and we have been allocated an additional 64 square degrees (see Section 2 for details). This will allow us to get a better understanding of the space density of sources such as UCBs and δ Sct along the Galactic plane, as well as within the Galactic Bulge. Furthermore, we are planning photometric and spectroscopic follow-up campaigns for variable candidates, which is essential for their precise classification.
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